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(54) [Title of the Invention] REINFORCEMENT AND FIBER- 
REINFORCED RESIN MOLDING INCLUDING THE SAME 



(57) [Abstract] 

[Object] To provide a reinforcement that can provide a 
molding that barely causes delamination and has balanced 
properties between bending strength, compressive strength, 
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and tensile strength. 

[Construction! A reinforcement comprising a fabric 
composite prepared by integration by. entanglement of a woven 
fabric and a nonwoven fabric. 
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[Claims] 

(Claim 1) A reinforcement comprising a fabric composite 
prepared by "integration by entanglement of a woven fabric 
and a nonwoven fabric. 

[Claim 2] A fiber reinforced resin molding comprising a 
reinforcement comprising a fabric composite prepared by 
integration by entanglement of a woven fabric and a nonwoven 
fabric. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a reinforcement that exhibits high delamination 
strength, and particularly, to a reinforcement that can 
provide a molding having balanced properties between bending 
strength, compressive strength, and tensile strength. The 
reinforcement of the present invention is suitably used in 
civil engineering (concrete etc.) and particularly as a 
resin reinforcement. 
[0002] 

[Related Art] Use of fibers as reinforcements is known, and 
moldings such as fiber-reinforced plastics (FRPs) have been 
produced. The fibers used for reinforcing have some shapes, 
for example, a tow and a sheet. In view. of retainability of 
the shape, woven fabrics, such as twilled, plain-woven, and 
satin-woven fabrics, and nonwoven fabrics, such as needle 
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punched and spunbonded nonwoven fabrics, are widely used. 
[0003] 

[Problems to be solved by the Invention] Unfortunately, 
these conventional reinforcements have their inherent 
problems. In a reinforcement of a woven fabric, fibers are 
linearly arranged along the extending direction of the 
fabric; hence, the tensile strength of a molding is 
significantly high whereas the bending strength and the 
compressive strength are low because no fiber is arranged 
across the thickness. In addition, many woven fabrics, each 
having a small thickness, are generally layered to obtain a 
thickness that is required for reinforcement. In this 
instance, many interlayers between the woven fabrics and 
nonwoven fabrics are disadvantageously formed in the FKP. 
In this case, no fiber bonding is formed between the woven 
fabrics and the nonwoven fabrics. Thus,, the delamination 
strength is extremely low, thus resulting in low bending 
strength and compressive strength. Although the woven 
fabrics are subjected to adhesive treatment for solving such 
a problem, the interlayer shear strength is not so much 
improved. Thus, the problem is not yet basically solved. 
[0004] In a reinforcement of a relatively thick nonwoven 
fabric, the number of the layers may be relative small, and 
the delamination strength is not so problematic. However, 
in a molding including such a reinforcement, fibers of the 
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nonwoven fabric are not linearly arranged/ thus resulting in 
significantly low tensile strength of rhe molding. Although 
co-layering of a woven fabric and a nonwoven fabric is also 
carried out, delamination occurs between the woven fabric 
and the nonwoven fabric. Thus, this does not provide 
fundamental solution. The present invention solves these 
problems and provides a fiber reinforced resin molding that 
exhibits high interlayer shear strength and has balanced 
properties between bending strength, compressive strength, 
and tensile strength. 
[0005] 

[Solving Means] The present invention was completed by 
intensive study on a reinforcement that shows high 
delamination strength and that has balanced properties 
between the bending strength, the compressive strength, and 
the tensile strength in view of the shape of the 
reinforcement for FRP . The present invention relates to a 
reinforcement, suitable for FRF, in that at least two layers 
are laminated by entangling fibers cf a nonwoven fabric with 
a woven fabric. 

[0006] Fibers of -the nonwoven fabric and the woven fabric 
are not limited and may be inorganic fibers such as alumina 
fiber, glass fiber, .and carbon fiber and synthetic fibers. 
Organic synthetic fibers are more preferable. Examples of 
organic synthetic fibers include polyvinyl alcohol fiber, 
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polyacrylonitrile fiber, polyester fiber, aramid fiber, 
polyolefin fiber/ and polyarylate fiber. In particular, 
high-modulus polyvinyl alcohol fiber, (ortho- and meta-) 
aromatic polyamide fiber in which the aromatic groups are 
all linked into the backbone chain, polyarylate fiber, and 
ultra-high molecular . polyethylene fiber are preferable. 
Polyvinyl alcohol fiber is most preferable. 

[0007] The woven fabrics used in the present invention may 
be of any type, for example, plain fabric, twill weave, 
satin weave, multiaxis weave, multiple layers weave, 
diagonal weave, and cord fabric. Preferably, the areal 

2 

weight is, but not limited to, in the range 50 to 1,000 g/m 
and more preferably 100 to 500 g/n z . A excessively small 
areal weight may cause insufficient reinforcing effect on 
the JRP, whereas an excessively large areal weight causes 
formation of voids cue to insufficient resin impregnation. 
The denier of the fiber constituting the woven fabric may be 
determined depending on the purpose and application, and 
fibers having a monofilament denier of about 0.1 to 100 dr 
and a yarn denier of about 100 to 3, 000 dr are preferably 
used. 

[0008] The nonwcven fabric used in the present invention 
may be produced by a needle punching, spunbonding, or melt 

blown process. Preferably, the areal weight is in the range 

2 2 
of about 10 to 1,000 g/m and more preferably 50 to 200 g/m . 
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The thickness is preferably 2 to 10 mm. A snail areal 
weight or thickness precludes integration of the woven 
fabric and the nonwoven fabric due to low delamination 
strength. A large areal weight or thickness impairs 
impregnation of resin, resulting in ready formation of voids 
Fibers used in the nonwoven fabric are filaments and/or cut 
fibers and preferably have a monofilament denier of about 2 
to 50 dr and a length of at least. 10 mm. A monofilament 
denier of 2 dr or less may cause insufficient entanglement 
of fibers and the woven fabric. Ar. excessively large 
monofilament denier or an excessively low fiber length may 
cause insufficient delamination strength in some purposes - 
and applications due to low entanglement between the fibers 
and the woven fabric. 

[0009] It is important in the present invention that fibers 
of the nonwoven fabric are entangled with the nonwoven 
fabric, in other words, the nonwoven fabric and the woven 
fabric are integrated by entanglement of fibers- The method 
for integration is not limited and may be a needle punching 
process, which is preferably performed one time to five 
times at a needle density of 40 to 50C needles/cm 2 and more 
preferably one time to three times at a needle density of 50 
to 150 needles/cm 2 . Although the process may be performed 
only one time, a lower needle density causes week 
entanglement between fibers of the nonwoven fabric and the 
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woven fabric. In contrast, a higher needle density causes a 
large decrease in fiber strength of the woven fabric, 
resulting in decreased reinforcing effects on FRP. 
[0010] A bonding means such as an adhesive may be employed 
as an auxiliary measure. The reinforcement of the present 
invention may be a layer composed of a nonwoven fabric and a 
woven fabric; or plural layers of nonwoven fabrics and/or 
plural layers of woven fabrics. In particular, two or three 
layers each including a nonwoven fabric and a woven fabric 
are preferable. Specifically, a woven fabric and a nonwoven 
fabric; a nonwoven fabric, a woven fabric, and a nonwoven 
fabric; or a woven fabric, a nonwoven fabric, and a woven 
fabric are layered in that order. The areal weight and the 
thickness of the reinforcement are determined depending on 
the application and purpose, and preferably the areal weight 
is in the range 100 to 1, 000 g/ir. 2 and the thickness is in 
the range of 1 to 20 mm, and more preferably the areal 
weight is in the range 200 to 500 g/m* and the thickness is 
in the range cf 2 to 10 mm. 

[0011] A molding nay be formed using a one-ply 
reinforcement according to the present invention or using 
two-ply or more-ply reinforcements. For higher strength, at 
least two-ply and particularly two-ply to five-ply 
reinforcements are preferable. Any other reinforcing means 
may be employed in addition to the reinforcement of the 
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present invention. For example, the reinforcement of the 
present invention and other sheets (woven fabric, woven 
fabric, paper, film etc.) may be layered, or tow or 
dispersed cut fibers may be mixed. 

[0012] In the layering of the reinforcements according to 
the present invention or of the reinforcement (s) with any 
other sheet, the reinforcements may be integrated by needle 
punching, bonding, or melting, or may be merely layered 
without integration. Since the reinforcement of the present 
invention has high tensile strength and delamination 
strength, it can be applied to various fields, for example, 
civil engineering fields such as asphalt reinforcement. 
More preferably, the reinforcement can be used as resin 
reinforcement. The use of the reinforcement of the present 
invention provides FRP having excellent properties such as 
tensile strength and bending strength. 
[0013] Nonlimiting examples of resins used are 
thermosetting resins such as unsaturated polyester resin, 
vinylester resin, epoxy resin, phenol resin, melamine resin, 
crosslinkable olefin resin; and thermoplastic resins such as 
polyolefin resin, polyester resin, polycarbonate resin, 
polyacetal resin, polyphenylene sulfide resin, polyamide 
resin, and ABS resin. The resin may contain various fillers 
such as clay, calcium carbonate, and talc for weight 
increase and improved strength. The resin may be 
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appropriately selected in view of adhesiveness to the 
textile and strength. The fiber volurae content in the 
molding is preferably 10% to 80%. The thickness of the FRP 
plate may be appropriately selected depending on the purpose. 
[0014] A method for making the FRP may be appropriately 
selected depending on the resin used and application. 
Preferable methods are a hand lay-up process, a pressing 
process, an RTM process, and a resin injection molding (RIM) 
process (refer to Fig. 1) . The resulting RFP is superior in 
various properties, such as tensile strength, bending 
strength, and compressive strength and thus can be used in 
various applications, for example, automobile components and 
hard hats. The present invention will now be described in 
detail by EXAMPLES that do not limit the present invention. 
[0015] 

[EXAMPLES] [Plain weave fabric] 

A plain weave fabric having the following texture was 

used: 

1500d//2x2xl500 d//2 
6 . 7 5x6 . 7 5 filament s/ inch 

[Interlayer shearing strength kg/mm 2 ] Measured according to 
JIS K 7057. 

[Tensile strength kg/mm 2 ] Measured according to JIS K 7054. 
[Bending strength kg/mm 2 ] Measured according to JIS K 7055. 
[Compressive strength kg/mm 2 ] Measured according to JIS K 




/ 



/ 

v 
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7056. 

[0016] [EXAMPLE 1] A first layer of a dry web (areal 

weight: 100 g/cm 2 ) of a monofilament vinylon with a 

monofilament denier of 5 dr and a fiber length of 7 6 mm, a 

second layer of a plain weave fabric (areal weight: 180 

g/ia 2 ) of a vinylon filament with a yarn denier of 1,500 dr, 

and a third layer of the above dry web was stacked, and the 

stack was subjected to two needle punching processes with a 

needle density of 100 needles/cm 2 so that the short fiber 

vinylon entangled with the plain weave fabric. A 

2 

reinforcement with an areal weight of 380 g/m was thereby 
prepared. The two-ply reinforcements were placed in a mold, 
and a METTON resin (Teijin Metton Co., Ltd., liquid A: liquid 
B = 1:1) was injected by resin injection molding (RIM) to 
prepare an FRP plate with a thickness of 5 mm (resin 
injection pressure: 40 kg/cm 2 , resin injection time: 10 
seconds, mold clamping pressure: 50 kg/cm 2 , heating 
temperature: 150°C, heating time: 15 seconds). The 
properties of the FB? plate are shown in Table 1. 
[0017] [EXAMPLE 2] Using a double layer composite of a dry 
web and a plain weave fabric, a reinforcement (areal weight: 
280 g/cm 2 ) was prepared as in EXAMPLE 1 except that needle 
punching was performed two tines at a needle density of 80 
needles/cm 2 . Using four-ply reinforcements, an FRP plate 
with a thickness of 5 nor, was prepared as in EXAMPLE 1- The 
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properties of the FRP plate are shown in Table 1. 
[COMPARATIVE EXAMPLE 1] An FRP plate with a thickness of 5 
mm was prepared as in EXAMPLE 1 except that 11-ply plane . 
weave fabrics were placed in the mold. The properties of 
the FRP plate are shown in Table 1. 

[0018] (COMPARATIVE EXAMPLE 2] An FRP plate with a 
thickness of 5 mm was prepared as in EXAMPLE 1 except that 
four-ply dry webs that were subjected to two needle punching 
processes at a needle density of 100 needles/cm were placed 
in the mold. The properties of the FRP plate are shown in 
Table 1. 

[0019] [COMPARATIVE EXAMPLE 3] An FRP plate with a 
thickness of 5 mm was prepared as in EXAMPLE 1 except that 
the three-ply plane weave fabrics used in COMPARATIVE 
EXAMPLE 1 and the four-ply nonwoven fabric used in 
COMPARATIVE EXAMPLE 2 were alternately placed in the mold. 
The properties of the FRP plate are shown in Table 1. 
[0020] [COMPARATIVE EXAMPLE 4] The three-ply plane weave 
fabrics used in EXAMPLE 1 and the four-ply nonwoven fabric 
used in COMPARATIVE EXAMPLE 2 were alternately placed. Six- 
ply PBT hotmelt films (Thermolite 2810, 50 \m made by Daicel 
Chemical Industries, Ltd-) were placed between the woven 
fabrics/nonwoven fabrics. These were thermally pressed at 
120 °C and 5 kg/cm 2 for 10 minutes to bond the woven fabrics 
and the nonwoven fabrics by melting of the PBT film. An FRP 



plate with a thickness of 5 mm was prepared as in EXAMPLE 1 
with this fabric composite. The properties of the FRP plate 
are shown in Table 1. 
[0021] 



[Table 1] 





Material for 
reinforcement 


Bonding 
method 


Oelamination 
strenqth kg/mm 2 


Tensile strength 
kg/mm 2 


Bending strength 
kg/mm 2 


Compressive 
strength kg/mntf 


EXAMPLE 1 


Nonwoven fabric 
& Woven fabric 


Needle 
punching 


0.67 


4.9 


6.3 


5.5 


EXAMPLE 2 


Nonwoven fabric 
& Woven fabric 


Neeale 
punching 


0.54 


7.0 


5.8 


5.3 


COMPARATIVE 
EXAMPLE 1 


Woven fabric 


Untreated 


0,24 


16.0 


4.1 


1.5 


COMPARATIVE 
EXAMPLE 2 


Nonwoven fabric 


Untreated 


0.40 


1.7 


4.6 


4.2 


COMPARATIVE 
EXAMPLE 3 


Nonwoven fabric 
& Woven fabric 


Untreated 


0.30 


6.3 


4.4 


3.9 


COMPARATIVE 
EXAMPLE 4 


Nonwoven fabric 
& Woven fabric 


Film 
welding 


0.35 


6.3 


4.5 


4.0 



[0022] FRPs including the reinforcements according to the 
present invention exhibited balanced properties between 
tensile strength, bending strength, and compressive strength 
(EXAMPLES 1 and 2) . In contrast, the reinforcements of the 
woven fabric or nonwoven fabric (COMPARATIVE EXAMPLES 1 and 
2) did not satisfy any of these properties of tensile 
strength, bending strength, and compressive strength. Mere 
stack of the woven fabric and the nonwoven fabric generated 
interiayer delamination and exhibited insufficient bending 
strength and compressive strength (COMPARATIVE EXAMPLE 3) . 
In the reinforcement integrated by melting of the film, the 
interiayer shearing strength was not so improved and the 
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bending strength and the compressive strength v/ere 

insufficient (COMPARATIVE EXAMPLE 4) . 

[0023] 

[Advantages] Integration by entanglement of a nonwoven 
fabric and a woven fabric provides a reinforcement that 
barely causes delamination. A molding with balanced 
properties between bending strength, compressive strength, 
and tensile strength is prepared using the reinforcement. 
[Brief Description of the Drawing] 

[Fig. 1] An schematic view of steps in resin injection • 
molding (RIM) . 
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